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NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and

| the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
' may in any way be related thereto.
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STUDY OF WATER SOLUBLE RESIDUE FLUXES

Quarte:ly Report #1

Signal Corps Contract #DA-28-043~-AMC-01365E,
First Quarterly Progress Report 1 June 1965 to 3L iugust 1965

The object of this Study of Water Soluble Residue
Fluxes is to investigate and evaluate various zolder
fluxes not presently covered by MIL=-F-14256, with an
end goal of accumulating comparative data upon which
to base the selection criteria of a Military Procure~
ment Specification.,

Report Prepared bty: 0. D, Black

Croem
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1. _PURPOSE

The purpose of this Study of Waler Soluble Residue Fluxes is to
i-7estigate and evaluate various aolder fluxes not presently covered
by MIL-F-14256, with an end goal of accumulating comparative data
upon which to base the selection criteria of a Military Procurement

Specification,

2. ABSTRACT

Twenty-one manufacturers of fluxes were contacted and twelve
found who make water scluble residue fluxes. From these nineteen
samples of saterials have bLwen obtained. Preliminary testing shows

wide variations in soldering efficiencies.

3. PUBLICATIONS, LECTURES, REPORTS, CONFERENCES

Publications: None ’
Lectures: None
Reports: 1st Monthly Report, June 30, 1965, :).D.?3 %]ack
2nd Monthly Report, July 30, 1963, 0.D. 'Black
Conferences: 1st Monthly Review; Fort Monmouth, N.J. = June 22, 1965
A, Orlowski, S. Rosen, C.H. Kreck, 0.D. Black
2nd Monthly Review; Camien, N.J. - iugust L, 1965
A, Orlowski, S, Rosen, C.H. Kreck, 0.D. Black
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L4, FACTUAL DATA

Introduction

The study of water soluble residue fluxes has been startzd and
is proceeding according to the schedule submitied in the Proposai for
Standardization Engineering Practices Study of Soldering Flux prepared
for:

U.S.A.E.C,

Fort Monmouth, New Jersey

RFP (AMC (E) 28-0l43-65-00303)
by Central Engineering

Defense Electronics Products

‘Radio Corporation of America

Camden, New Jersey

submi tted 11 March, 1965. *

Phage A, Survey of Flux Manufacturers

From commercial literature the names of twenty-one manufacturers
were selected as representative, These were contacted and asked whether
or not they made such fluxes,

Seventeen replied and twelve indicated that they did, indeed, manmu-
facture such fluxes., From these twelve manufacturers sample lots of
nineteen different fluxes were obtained for the tests,

Attached is a letier of the type used,
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May 26, 1965

Gentlemen:

In an effort to become more familiar with the various
solder fluxes produced for the Electronic Industry we are
initiating an evaluation study of those fluxes not presently
covered by military specifications MIL-F~14256 and QQ~-S=571.
Of special interest are the water soluble residue fluxes and
flux cored solders.

_ if you manufacture such materials we would greatly
appreciate receiving cost information and technical data.
Under the latter we would like to know the chemical class-
ification (hydrazine, glutamic acid-hypirochloride, levulinic
acid, etc.), solvents and recommendations for flux applica-
tion, soldering temperatures and post soldering cleaning.

Very truly yours,

Otis D. Black

Materials Standards
Central Engineering

RCA Building 1-6~2
Camden, New Jersey 08102
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Phase A has been completed. It is felt that enough manufacturers
have been contacted and enough materials obtained to be representative

of all materials of this type.

Phase B. Analysis of Fluxes
This has been started. Five samples ware chosen for the following

analytical tests:

1. Total solids

2, Infra-red spectrophotometiric curve on solids
3. Total acidity and total chlorides

k. Specific gravity

S. Refractive index

‘6. Boiling curve; distillation curve

7. Presence of heavy metals

These analyses are being conducted in the Amalytical Ie.borato;'iea
of Central Engireering.

1. Total solids. This test is being run to determine the percentage
of active ingredients in the flux. This will enable us to compare
fluxes at the same concentration and it will also furnish data that
can be used in formlating controls for purchasing specifications,
if so desired. Total solids are found by evapcrating 100 grams of
the liquid flux to constant weight at 110°C, The tempsrature aight
have to be raised if it is found by the boiling curve determination

that higher boiling polyols are used in the soclvent "ormulation.
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Infra-red Spectrophotometric Curve on Solids.

Thoroughly dried flux solids, as obtained from the total solids
test, will be ground with potassium bromide to form ar intimate, fine
powdar. This will be pressed into a pellet of proper sise and a
spectrophotometric curve in the infra-red determined by means of a
PRSI Iniracord Spectrophotometer Yodel.

This test will relate to functional groupings in the flux com~
pounds, While not ordinarily quantitative it will serve to classify
the various flux solids qualitatively and will be correlated with
data furnished by the menufacturer as well as that obtained from

other sources. This will assist in categorizing the vurious fluxas,

"Total Acidity and Tot:l Chlorides.

Standard chemical titrations wiil be run to determiue total
acidity. The tctal chlorides and other halides will be run to
determine whether or not all of the acid present is hydrochloric.
This iuforricion will assis* in testing for ccmplete flux remvval.,
Specific Gravity,

This test is being run for comparative purposes. It is dependent
on the types and amounts of active ingredients and types and amounts
of solvents, It will furnish data that can be used to assure the
same composition in each different sample of what is purportedly the
game flux, This test will be run by means of a simple hydrometer

iumersed in the sample at a fixed temperature \(25°C, 77°F), °
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Refractive Index.

This test is being run for comparative purposes. Similar to
the specific gravity test it depends on the types and amounts of
active ingredients and types and amounts of solvents, It will
furnish data that can assure compositional control, It will be
run on each sample at 25°C (77°F) on a Bausch and Lomt Refractometer,
Model VD 686. .

Boiling Curve,

A boiling curve, or distillation range curve, will b= run on
each sample to indicate the types of solvenis blended to make the
carrier., This will identify the presence of higher boiling solvents
and indicate, at least to same degree, the thermal stability of the
flux. Data obtained in this way will be parg'f;.sé'ﬂ.arly valuable in
determining changes in solvent composition from batch to batc};.
Presence of Heavy Metals.

Standard quaiitative analytical tests wil?. bz run to determine
presence or abgence of copper, lead, cadmium, cobalt, nickel, irom,
cnromium, @luminum, zinc and manganese, This is to make sure that
there are no metal cations present which could cause precipitation
of difficulty soiuble salts which might cause corrcsion similar to

that produced by zinc oxychloride when zine chioride fluxes ars used.
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-C\ Fhase C. Determination of Solderability

Preliminary edge dip tesis for solderability have been run on all
nineteen samples and some ideas obtained on relative soldering efficiencies.
There is a wide variation in soldering efficiencies among the ‘various Lluxes
heavily oxidized boards,

The equipment required for the Electronics Command Meniscus Soldering
Test as developed by G.E. has kindly been loaned to us by the General
Electric Laboratory at Schenectady. This has been sst up, sample boards
prepared and initial tests begun.

5. CONCLUSIONS

"Fhase A has been completed. There are emcugh manufacturers cf this
type of flux and enough different brands to insure tha* this will contimue

9

to be a commercially available item. The manufacturers are lasrge enough
and reputable enough to insure that specification for composition would be
congistently met.

There sre considerable differences in so]deriz;g efficiencies among
the fluxes,

$
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6. PROGRAM FOR NEXT INTERVAL

"he next threz months will be spent ir finishing thc anaiyvical work,
Phase B, determining solderability, Phese G, preparing samples, Phase D
and starting the soldering of samples for the clesning tests, Phase E.
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Phase B has been discussed above and will be finished in this time
interval. ;

Phase C. Determination of Solderability

The relative solderabilities of each of the five selected fluxes
will be determined by means of the IPC Edge Dip Method and by means of
the Electronics Command Meniscus Test for Solderability as developed by
the General Electric Co. These tests wil] also b¢ finishad in this period.

Phase D, Preparation of Samples , REN

Samples to be fluxed and soidered will be etched copper test patterns

cf the RCA type Pattern L49L-02, a picture of which is attached. This is a
comb-type pattern with an ef e:tive path width of ,032"; the pattern is 13"
long, Any decrease in insulation resistance is readily measurable and any
corrosion products are readily visibvle. This particular pattern was chosen
over some that are in Miiitary Specifications, particularly the one in
MIL-P-55110 because test data have shown that it is more critical and because
it takes up less space. Qt"" ‘

RCA has extensive data on test samples made with this pattern in which
many types of fluxes were tried. Direct correlation of results can be made
with those obtained when alcohol rosin fluxes approved under MIL-F-11,256
were used. While RCA recommends the use of this pattern, a different pattern
will be used if required by the US Army Electronics Command.

The copper surfaces will be prepared for aolderiné by a standard cleaning
procadure in order to produce uniform results. RCA has had excellent results

- with the following method:

v
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Scrub with an abrasive cleanser until the copper shows
no water break,

Rinse thoroughly with running tap water,

30 second immersion in dilute cupric/hydrochloric acid,

60 second rinss with running tap water,

30 second immersion in 1-3 hydrochloric acid,

60 second rinse with running tap water.

Thorough rinse in deionized water.

Blow dry with oil free, filtered compressed air. ¢

Other methods of preparing boards to give good initial solderability
will be evaluated, including that specified by the General Electric Company
and described in Contract DA-36-039-AMC-00008(E). If no better method is '
found the RCA %technique will be used,

At least 36 sample boards of single sided copper clad glass epoxy will
be prepared for each of the five fluxes chosen, or 180 in all, This will
give 5 test boards for each of the six types of cleaning, the types of
cleaning teing described in Phase F.

Materials will be added to each of the fhxxeg:g"to agsist in determining
the effectiveness of flux residue removal, At least three fluorescent dyes
and two chemical compounds, extremely low concentrations of which fluoresce
under ultra viclet light, will be evaluated, While more sophisticated tech-
niques such as radioactive tracers may yield more precise results, if- is felt
¥hat there is a definite need to develop and standardize a residus-determiuing

'technique which will be sufficiently accurate for practicil spplications by
small business concerns,

9]
¢
&




N

O

\

’

Boards will be fluxed by brushing and then dried in accordance with
the manufacturers recommendations. This technique will be modified if it
ié‘fmmd that spattering results from fiux application or subsequent
soldering \%)eration .

This will be finished in this period.

Phase E. Soldering

The soldering operation will be performed by manually ccntacting the
samples onto the surface of a 60/L0 composition solder bath maintained at
a temperature of 500°F, A 10 secoﬁd dwell time will be used. Iu each case
the solder surface will be clsaned before the sample is dipped. RCA has
found. that this combination of time and temperature will produce excellent
soldering results, However, this procedure will be modified if flux
vendors' data indicate changes in time or temperature, Tests will also be
conducted at 160° and 5259 to determine the temperature of most effective

flux action.

This will be started during this period.

Phase F: Cleanin&

The following c¢leaning cycles will be evaluated:
J. S minutes rinse in running tap water, followed by a rinse in
deionized water and drying.

15 minutes rinse in running tap water, followed by a rinse in
deionized water and drying. |
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3. 2 minute soak in ,detergent solution, follcwed by 5 min, rinse in
running ta; water, followed by a rinse in deionized water and drying.

k. Same as #1 with light brushing,

5. Same as #2 with light brushing.

6. Same as #3 with 1ight brushing,

If, upon testing, it is found that these cleaning methods do not
completely remove the flux residue, the cleaning will be tried again,
using moderately warm rinse water {120°-140°F). For good producticn,
however, the flux residue should be readily removable by running water
at approximately room temperziure.

This will be started during this period.

Y. KEY FERSONNEL

F. X. Thomson Approx. 20 hours

Leader, Material Analysis and Metallic daterials

Education: BS in Chemistry, 1936, Providence College; MS in Chemistry,
1938, Rhode Island State University. He took zdditionsl graduate work
in organic chemistry at Columbia and Princeton Universities from 1939
to 19k2,

Mr. Thomson is responsible for the opezztion of thg mechanicai-
metallurgical laboratories and for m:pply{"RCA with control documentation
and consultaticn in the fields of welding, casting, forming, heat ’
-treating, ete, His activity is staffed and facilitated to carry out
extensive investigaticns into the structvral properties and behavior
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of metal, and to perform analytical and physicel research in metallur-
gical aroas.

From 1938 to 1942, Mr, Thomson was an Associate Professor of Chemistry
at Seton Hall University. From 1942 to 1945, Mr. Thomson was employed by
Ho{fman LaRoche, Tnc. and Merchx & Co. He was engaged in analytical and
physical research ard development on vitamins, pharmaceuticals and drugs.
Mr. Thomson joined RCA in 1945 where he s;as employed as an engineer in
the Chemical and Physical Laboratories.

Mr, Thomson ic a member of the American Chemical Society and the
Socisty .for Applied Spectroscopy. He is the author of several technicel

papers.,

0. D. Blsck (Dr.) Approx. 92 hours
Research and Development Engineer, Materials Standards

Dr. Black received the BA degree in 1938, the M.Sc, in 1939, and the
Fh.D. in 1942, all in Physical Chemistry, from Ohio' Stats University.
He Joined RCA in 1942 in the Chemical and Physical Laboratories in Camden
as 3 Research and Developmext Ingineer. He has been engaged in a mumver of
studies involving plustics, ceramics, rubber and allied fields and mycology.
Since 1947 he has been primarily engaged in research and development of
materials and processes involved in the manufacture of printed circuits.
Dr. Black is now a member of the Materials Standards sectien of Centx:al
Engineering, with general responsibility for materiale such as laminstes,

;f cleaning, silk screening,
ﬁ‘"’{‘

etchants and cleaners and for the processes such

,,,,,,,
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etching and soldering in a factory with a capacity of approximately

~y

10,000 boards per day. He coordinates the activities of specialiste

as required and has complete responsibility for testing and approval
of copper clad laminates used by the Defense Electronic Products
: Division of RCA. Dr. Black has contritated to various technical publi-
cations and has a numbter of patents in the printed wiring field., He is

PN

a member of Sigma Xi, Phi Beta Kappe and .Phi Lambda Upsilon and is
listed in American Men of Science., His current military clearance is

"Sacret®
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